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ABSTRACT Asian citrus psylla, Diaphorina citri Kuwayama (Homoptera: Psyllidae) was detected
for the Þrst time in theUnited States nearDelrayBeach, FL, on 2 June 1998 and is continuing to spread
and multiply throughout southern Florida. This psyllid is the vector of Liberobacter asiaticum, a
phloem-limited bacterium that causes citrus greening disease. This pathogen has not been found in
theWesternHemisphere todate.Furthermore,high infestation levels ofD. citrican impact citrusplant
health, fruit quality, or yield. Replicated laboratory and spray booth bioassays were conducted to
determine the insecticidal activity of a synthetic analog of natural sugar esters found in leaf trichomes
of wild tobacco, Nicotiana gossei Domin, to nymphal and adult D. citri. Field trials were initiated in
Fort Pierce, FL, in 2000 to determine activity of the sugar ester formulation (sucrose octanoate) on
D. citri and other citrus pests, including immature Asian citrus leafminer, Phyllocnistis citrella Stainton
andmites. Sucrose octanoate rates tested ranged from 400 to 8,000 ppm (0.1Ð2% formulated product).
Our data suggest that both nymphal and adult D. citri as well as the mite complex tested would be
equally controlled to levels of �90% at the higher concentrations of sucrose octanoate and that good
coverage is key to efÞcacy.
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THE ASIAN CITRUS PSYLLA Diaphorina citri Kuwayama, is
the primary vector of the plant pathogen,Liberobacter
asiaticum.This phloem-limited, Gram-negative bacte-
rium-like organism causes citrus greening disease
(also known as Huanglungbin or Likubin) (Catling
1970, Bové andGarnier 1994). The greening pathogen
is also readily transmitted by grafting and propagating
with infected plant material and is lethal tomost com-
mercial citrus cultivars (Gottwald et al. 1989). Green-
ing isoneof themostdevastatingcitrusdiseases inAsia
and Africa (Aubert 1993), but the pathogen has not
been found in theWesternHemisphere to date. How-
ever, D. citri was detected for the Þrst time in the
United States near Delray Beach, FL, in the summer
of 1998 and has continued to spread and multiply
throughout southern Florida (Knapp et al. 1998). D.
citri is a serious threat to the Florida citrus industry if
the pathogen that causes citrus greening disease be-
comes introduced or shouldD. citribe found to vector
other diseases of citrus. Moreover, high infestation
levels of D. citri can impact citrus plant health, fruit
quality, or yield.

Florida has instituted successful biological control
programs in citrus to control various mites and scale
insects (Muma 1955; Clancy et al. 1963; Selhime et al.
1969; Debach and Rose 1976; Hart et al. 1978; Dowell
et al. 1979;NguyenandSailor 1979;Nguyen1986, 1987,
1988; Sailor et al. 1984; Glenn and Baranowski 1987;
Thompson1989; Browning 1990;Caceres andChilders
1991; Tefertiller et al. 1991), due in part to the stabi-
lization of the grove. Pest control strategies that use
harsh insecticides as the Þrst line of defense against
D. citri and other citrus pests could lead to the dis-
ruption of their natural enemies. In addition, indis-
criminate use of pesticides often results in the devel-
opment of resistance and control failure. Alternative
chemistry that is safe for thebeneÞcial insect complex,
yet is selectively effective against the target pest, is
a desirable component in citrus integrated pest man-
agement programs where most pests have been suc-
cessfully controlled by their natural enemies. Sugar
esters are of great interest because they have been
found to be relatively nontoxic to key predators
and parasitoids of many citrus pests (Michaud and
McKenzie 2004).
Sugar esters are a new class of insecticidal com-

pounds that seem to Þt these criteria. Sucrose esters
naturally occur in plants, are benign to the environ-
ment, and are being commercially synthesized for use
in the food industry (Chortyk et al. 1996). Natural and
synthetic sugar esters have been shown to be effective
biorationalswith insecticidal activity against a rangeof
insect species. Soft-bodied arthropods, including
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mites, lepidopteran larvae, aphids,whiteßies, andpsyl-
lids experience rapid knock down after contact (Parr
and Thurston 1968, Neal et al. 1994, Puterka and Se-
verson 1995, Liu et al. 1996). In addition, mites (Neal
et al. 1994), whiteßies (Liu and Stansly 1995), and
leafminers (Hawthorne et al. 1992) have demon-
strated ovipositional and feeding deterrence to sugar
esters. Although themode of action is unknown, it has
been suggested that two primary modes of action
against pear psylla, Cacopsylla pyricola Foerster, are
possible: desiccation by alterations in the insect cuti-
cle or suffocation by the sugar ester solution (Puterka
et al. 2003).
The primary objective of this study was to deter-

mine the dosageÐmortality relationships of sucrose
octanoate (�-D, glucopyranoside, �-D-fructofuranosyl
octanoate), a synthetic analog of natural sugar esters
found in leaf trichomes of wild tobacco, Nicotiana
gossei Domin, to nymphal and adult D. citri via labo-
ratory bioassays and spray booth experiments. Addi-
tionally we wanted to establish sucrose octanoate ef-
Þcacy against this and other key mite and insect pests
in Þeld trials on citrus.

Materials and Methods

Insect Source andRearing.D. citriwere collected in
1999 from Þeld populations infesting citrus at the
United States Horticultural Research Laboratory ex-
perimental farm at Fort Pierce, FL, and used to start
a laboratory colony. All stages of pysllid (egg, nymph,
and adult) were reared on orange jasmine, Murraya
paniculata (L.) Jack, and housed in large screened
Plexiglas cages located in air-conditionedgreenhouses
with ambient light and humidity. Temperatures ßuc-
tuated betweenday andnight highs of 29.4 and 26.7�C,
respectively, with an overall low of 23.9�C.

Biorationals. Sucrose octanoate, a synthetic analog
of natural sugar esters, was provided by AVACHEM
(AVAChemicalVentures, L.L.C., Portsmouth,NH)as
a 40% (AI) formulation and was used in all bioassays,
spray booth experiments, and Þeld trials. M-Pede
(Dow AgroSciences, L.L.C., San Diego, CA), a com-
mon insecticidal soap, and AGRI-50 (Cal-Agri Prod-
ucts, L.L.C., Los Angeles, CA), a nontoxic, food-safe
insecticide, were used for efÞcacy comparison to su-
crose octanoate in Þeld trials.

Laboratory Bioassays. Sucrose octanoate solutions
were prepared in seven concentrations of 400Ð8,000
ppm(0.1Ð2.0% formulatedproduct) indoubledistilled
H2O (ddH2O) plus a ddH2O control. The bioassay
consisted of one sterilized Citrus sinensis (L.) Osbeck

leaf placed in a standard plastic petri dish that con-
tained two sterile pieces of 7.0-cm Whatman No. 3
Þlter paper dipped in sterile ddH2O. Concentrations
were applied to D. citri nymphs or adults (n � 15Ð20)
by using a petri dish spray device according to Puterka
and Severson (1995). Each concentration was repli-
cated Þve times, and bioassays were repeated three
times.
Whole-plant bioassays were also conducted on

D. citri nymphs to obtain dosageÐmortality relation-
ships under more natural conditions. Six-month-old
orange jasmine seedlings in cone tubes were exposed
toD. citri adults for 6 d. Plants were removed and held
for an additional 5 d to allow nymphs to hatch and
develop. On average, each plant was infested with 75
nymphs. Sucrose octanoate solutions were prepared
in six concentrations of 800Ð8,000 ppm (0.2Ð2.0% for-
mulated product) in H2O plus a H2O control and
applied to infested plants with a spray booth (R&D
Sprayers, Opelousas, LA). The spray booth was
equipped with a single TJ nozzle operated at 61 psi to
deliver 795 L/ha. Each concentration was replicated
four times, and experiments were repeated three
times. Mortalities were determined 24 h after treat-
ment by examining each leaf of the treated plants for
number of alive and dead small (Þrst and second
instar) and large (third and fourth instar) D. citri
nymphs.

Field Trials. Three Þeld trials were conducted at
USHRL experimental farm at Fort Pierce, FL, to de-
termine the effectiveness of sucrose octanoate against
natural populations of D. citri under Þeld conditions.
Three-year-old ÔOrtaniqueÕ Tangor, Citrus sinensis
(L.) Osbeck � Citrus reticulata Blanco, trees were
used in trials 1 and 2, and 2-yr-old ÔSun shu shaÕ Citrus
sinensis (L.) Osbeck rootstock trees were used in trial
3. All treatments were arranged in a randomized com-
pleteblockdesignwith eight replications in trial 1, Þve
replications in trial 2, and four replications in trial 3.
Each replication contained three trees in trials 1 and
2, and Þve trees in trial 3. In trial 1, treatments were
applied with a CO2 backpack sprayer equipped with
50.8-cm boom and two TX18 hollow cone nozzles
calibrated at 38 psi to deliver 125 ml per tree, and
treatments were evaluated 1, 4, and 7 days after treat-
ment (DAT). In an effort to obtain more complete
tree coverage, trials 2 and 3 were applied with a CO2

backpack sprayer equippedwith a single TX18 hollow
cone nozzle calibrated at 50 psi to deliver 200ml (trial
2) and 250 ml (trial 3) per tree. Trial 2 was designed
to evaluateAsian citrus leafminer, Phyllocnistis citrella
Stainton mortality that compared a higher rate of su-

Table 1. Toxicity of sucrose octanoate 1 DAT to immature and adult D. citri by using a petri dish bioassay with a detached leaf substrate

Developmental stage n Slope � SE LC50
a (95% FL) LC90

a (95% FL)

Small nymph 250 1.48 � 0.37 120a (24Ð240) 920a (640Ð1,640)
Large nymph 190 4.01 � 0.43 920a (120Ð1,640) 1,960a (960Ð5,120)
Adult 387 3.71 � 0.42 2,720b (2,480Ð3,040) 6,080b (5,160Ð7,800)

Means within columns followed by the same letter are not signiÞcantly different (95% Þducial limit [FL]).
a LC values expressed in ppm active ingredient of commercially formulated sucrose octanoate; Þve replications with seven concentrations.
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crose octanoate (8,000 ppm) to the labeled use rate of
M-Pede soap [2% (vol:vol) solution � 9,800 ppm],
althoughD. citri andmite data were also taken. Treat-
ments were evaluated 1 and 4 DAT in trial 2. Trial
three was designed to evaluate the impact of two
applications of sucrose octanoate in comparison to
standard label rates of two biorational soap materials,
2% M-Pede (9,800 ppm), and 0.5% Agri-50 (50 ppm),
for the control of D. citri. Treatments were evaluated
1, 4, and 7 d after the Þrst application (DAT1) and 1,
4, 7, 10, 14, and 20 d after the second application
(DAT2). Other citrus pests that were evaluated in-
cluded P. citrella and a mite complex (common Texas
citrusmite, red spidermite, and rustmite).Data taken
from these studies included the number of D. citri
adults per tree visible in a 2-min period and counts of
D. citri eggs, small and largeD. citrinymphs,mites and
citrus leafminer larvae and pupae (trial 2) per 7.6-cm
fresh ßush terminal. Leaves infested with citrus leaf-
miner larvae and pupae from the 7.6-cm fresh ßush
terminals were probed to determine whether they
were dead or alive.

Statistics.DosageÐmortality relationships of sucrose
octanoate toD. citriwere evaluated by probit analysis
(Sparks and Sparks 1987). Differences between LC50

values among life stages ofD. citriweredeterminedby
failure of fudicial limits to overlap.Mortality data from
the spray booth experiments were subjected to an
analysis of variance (ANOVA).Mortality comparisons
among different nymphal sizes in response to sucrose
octanoate concentration were made using ANOVA
and RyanÐEinotÐGabrielÐWelsch multiple-range test
(REGWQ)at� � 0.05 (SAS Institute 2000). Fielddata
were analyzed by the General Linear Models (GLM)
procedure, and differences among treatment means
were determined by RyanÐEinotÐGabrielÐWelsch
multiple range test (REGWQ) at � � 0.05 (SAS In-
stitute 2000).

Results and Discussion

Laboratory Bioassays. Sucrose octanoate showed
higher toxicity to small and large D. citri nymphs,
comparedwithadultD. citribyusing thedetached leaf
petri dish bioassay (Table 1). Lethal concentration
(LC) values were not signiÞcantly different between
small and large nymphs. The LC50 and LC90 values for
adult D. citri were �3 times greater than for nymphs,
indicating that adults are less susceptible to sucrose
octanoate than nymphs.
When sucrose octanoate was evaluated using a

whole-plant bioassay and applied within a spray

booth, LC values for small and large nymphs did not
signiÞcantly differ (Table 2). Furthermore, LC50 and
LC90 values were considerably higher for nymphs
using thewhole-plant bioassay. The higher sugar ester
concentrations that were required to produce lethal
concentration values for nymphs in the whole-plant
bioassaymay be due to less spreading on leaf surfaces,
which is a factor that can affect sugar ester perfor-
mance on plants (Puterka et al. 2003). The whole-
plant bioassay produced LC50 and LC90 values for
D. citri that were comparable with those that resulted
in detached leaf bioassays for Cacopsylla pyricola
Foerster (Puterka et al. 2003). Mortalities were sig-
niÞcantly different among sucrose octanoate concen-
trations one DAT for small (F � 15.43; df � 6, 16; P �
0.0001) and large (F � 25.58; df � 6,18; P � 0.0001)
nymphs, ranging from 51 to 100% and from 30 to 96%
for small and large nymphs, respectively (Table 3).

Field Trials. D. citri populations were moderately
highwhen theÞrst Þeld trialwas initiated in the spring
of 2000with averages of 24 adults per 2-min tree count,
six small nymphs, and four large nymphs per 7.6-cm
fresh ßush terminal. D. citri eggs averaged four per
7.6-cm fresh ßush terminal. The number ofD. citri life
stages within each treatment did not differ over time
(P � 0.05), thus psylla numbers were averaged over
the 1-, 3-, and 7-d sample periods (Table 4). All treat-
ments signiÞcantly reduced citrus psylla nymphs and
adults compared with the untreated control (P �
0.05). However, there were no signiÞcant differences
(P � 0.05) in egg and small and large nymph numbers
in response to increasing sucrose octanoate concen-
trations from 1,600 to 4,000 ppm. Egg counts reveal a
slight reduction in D. citri oviposition for the lower

Table 2. Toxicity of sucrose octanoate 1 DAT to immature D. citri by using a spray booth with a whole-plant substrate

Nymph n Slope � SE LC50
a (95% FL) LC90

a (95% FL)

Small 349 1.99 � 0.35 1,040a (720Ð1,280) 4,600a (3,440Ð7,800)
Large 163 2.22 � 0.56 1,520a (800Ð2,040) 5,760a (4,000Ð14,200)
Total nymph 530 1.97 � 0.26 1,160a (880Ð1,400) 5,120a (4,080Ð7,360)

Means within columns followed by the same letter are not signiÞcantly different (95% Þducial limit [FL]).
a LC values expressed in ppm active ingredient of commercially formulated sucrose octanoate; four replications with seven concentrations.

Table 3. D. citri nymphal mortality for sucrose octanoate
1 DAT by using a spray booth with a whole-plant substrate

Sucrose octanoate
conc.a

% Small nymph
Mortality � SE

% Large nymph
Mortality � SE

8,000 100.0 � 0.00a 96.4 � 3.57a
4,000 88.2 � 11.76ab 90.1 � 5.76a
3,200 86.8 � 4.35ab 76.0 � 5.49ab
2,400 71.7 � 5.26ab 60.1 � 5.14b
1,600 71.0 � 7.21ab 51.6 � 7.62bc
800 50.9 � 17.16b 29.8 � 11.72c

Control 0.0 � 0.00c 0.0 � 0.00d

Means within columns followed by the same lowercase letter are
not signiÞcantly different (P � 0.05, REGWQ).
Spray boothwas equippedwith a single TJ nozzle operated at 61 psi

to deliver 85 gal/acre.
a Concentration expressed in ppm active ingredient of commer-

cially formulated sucrose octanoate.
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sucrose octanoate concentrations in comparison with
the control (F � 3.29; df � 5, 410; P � 0.006), but
overall sugar esters and insecticidal soaps had little
effect on oviposition. Higher reductions of nymphs
surviving sugar ester treatments occurred in the Þeld
trial than in the whole-plant bioassay; however, the
Þeld trial corresponded well to the results from the
petri dish bioassay. Adults were less affected by the
sucrose octanoate treatments than the nymphs, but
Þeld data indicated that adults were either reduced or
repelled and resulted in 55Ð71% fewer adults in the
sucroseoctanoate treatments.Mitenumberswere also
greatly reduced by the sugar ester and insecticidal
soap treatments in comparison with the untreated
control (F � 27.46; df� 5, 410; P � 0.0001). These data
support the high degree of miticidal activity for sugar
esters found inprevious research(Puterkaet al. 2003).
During the Þrst Þeld trial, unpublished data of D.

citri mortality in sucrose octanoate treatments led to
the increased concentration of sucrose octanoate
tested in the second Þeld trial. Day by treatment in-
teractionswerenot signiÞcant for larval (F�0.89;df�
2, 23; P � 0.4241) or pupal mortalities (F � 1.28; df �
2, 15; P � 0.3065), indicating no response to treatment
over time; thus, citrus leafminer mortalities were av-
eraged over time (Table 5).Citrus leafminermortality

was substantially higher (P � 0.05) for sucrose oc-
tanoate (72%) than for M-Pede (4%). However, nei-
ther material produced pupal mortalities.
In trial 2, D. citri populations were very high, with

a mean of 29 adults per 2-min count, 34 small nymphs,
and six large nymphs per 7.6-cm terminal. Day by
treatment interactions were not signiÞcant, indicating
no response to treatment over time; thus, we averaged
D. citrimortality over time (Table 6).Number of small
and large nymphs did not signiÞcantly differ for each
treatment (F � 1.5; df � 6, 29; P � 0.2136); therefore,
we combined for total nymphal presentation. No sig-
niÞcant difference in thenumber of eggswas detected
between treatments during trial 2, and eggs averaged
25 per 7.6-cm terminal. In trial 2, the treatments per-
formed similarly againstD. citri,producing 89 and 65%
nymphal mortalities, 90 and 74% adult reductions, and
91 and 86%mite mortalities for sucrose octanoate and
M-Pede, respectively. However, the 8,000 ppm rate of
sucrose octanoate used in trial 2 increased adult D.
citrimortality by�20%comparedwith the lower rates
used in trial 1. We found that sucrose octanoate was
not phytotoxic at much higher rates (8,000 ppm) than
needed to be effective against mites and immature D.
citri, which is of concern with insecticidal soaps.

Table 4. Field trial 1. Mean number of D. citri and citrus mite averaged over sample dates 1, 3, and 7 d after treatment (Trt) in treated
and untreated Tangor citrus, St. Lucie County, Fort Pierce, FL

Treatment
Ratea

(ppm)
Egg � SE

(% reduction)
Small nymph � SE

(% reduction)
Large nymph � SE

(% reduction)
Adult � SE

(% reduction)
Mites � SE

(% reduction)

Sucrose octanaote 1600 1.5 � 0.5b (91) 0.8 � 0.2b (95) 1.1 � 0.3b (84) 12.2 � 1.1bc (55) 0.6 � 0.1b (95)
Sucrose octanoate 2400 1.9 � 1.0b (89) 1.5 � 0.6b (90) 0.8 � 0.2b (88) 8.5 � 0.9c (69) 1.0 � 0.3b (91)
Sucrose octanaote 3200 5.0 � 2.5ab (71) 2.0 � 0.6b (88) 0.9 � 0.4b (87) 7.8 � 0.7c (71) 0.6 � 0.3b (95)
Sucrose octanoate 4000 9.1 � 2.9ab (47) 2.7 � 0.8b (82) 1.7 � 0.3b (75) 9.4 � 0.9bc (65) 1.8 � 0.7b (84)
M-Pede 9800 10.0 � 4.1ab (42) 3.8 � 1.4b (75) 1.4 � 0.3b (80) 13.8 � 1.1b (49) 1.4 � 0.4b (88)
Untreated 17.1 � 5.6a 15.2 � 2.7a 6.9 � 1.1a 27.2 � 2.5a 11.2 � 1.8a
Trt* date F � 1.87 F � 0.62 F � 0.16 F � 0.99 F � 1.18

df � 5,410 df � 5,410 df � 5,410 df � 5,315 df � 5,410
P � �.0987 P � �.6842 P � �.9773 P � �.4246 P � �.3197

Trt F � 3.29 F � 16.19 F � 20.05 F � 34.95 F � 27.46
df � 5,410 df � 5,410 df � 5,410 df � 5,315 df � 5,410
P � �.0064 P � �.0001 P � �.0001 P � �.0001 P � �.0001

Means within columns followed by the same lowercase letter are not signiÞcantly different (P � 0.05, REGWQ).
a Rate expressed in ppm active ingredient of commercially formulated product.

Table 5. Field trial 2. Mean number of citrus leafminer (CLM) averaged over sample dates 1 and 4 d after treatment (Trt) in treated
and untreated Tangor citrus, St. Lucie County, Fort Pierce, FL

Treatment
Ratea

(ppm)
Alive CLM

larvae
Total CLM

larvae
% CLM larval

mortality
Alive CLM

pupae
Total CLM

pupae
% CLM pupae

mortality

Sucrose Octanoate 8,000 0.43a 1.57a 72.61b 0.63a 0.63a 0a
M-Pede 9,800 0.93a 0.97a 4.12a 0.59a 0.59a 0a
Untreated 1.53a 1.53a 0a 0.70a 0.70a 0a
Trt* Date F � 0.03 F � 0.08 F � 0.89 F � 0.33 F � 0.33 F � 1.28

df � 2, 78 df � 2, 78 df � 2, 23 df � 2, 78 df � 2, 78 df � 2, 15
P � 0.9700 P � 0.9266 P � 0.4241 P � 0.7194 P � 0.7194 P � 0.3065

Trt F � 2.46 F � 0.65 F � 52.79 F � 0.05 F � 0.26 F � 1.12
df � 2, 78 df � 2, 78 df � 2, 23 df � 2, 78 df � 2, 78 df � 2, 15
P � 0.0922 P � 0.5263 P � 0.0001 P � 0.9535 P � 0.7755 P � 0.3522

Means within columns followed by the same lowercase letter are not signiÞcantly different (P � 0.05, REGWQ).
Leaves infested with citrus leafminer larvae and pupae from 7.6-cm fresh ßush citrus terminals were probed to determine whether insects

were dead or alive; total (alive plus dead) reßects all CLM larvae or pupae present in the terminal.
a Rate expressed in ppm active ingredient of commercially formulated product.
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In trial 3, D. citri populations were also very high,
which presented a good opportunity to study the re-
peated applicationof sucroseoctanoate in comparison
with insecticidal soaps, M-Pede, and Agri-50 for con-
trol ofD.citri.D. citrieggs and totalnymphsper7.6-cm
fresh ßush terminal averaged 32 and 22, respectively.
Adult D. citri averaged 34 per 2-min visual tree in-
spection. Number of small and large nymphs did not
signiÞcantly differ for each treatment (F � 1.08; df �
179, 703; P � 0.2505); therefore, size categories for
nymphswere combined for total nymph presentation.
There were signiÞcant day by treatment interactions
forD. citri nymphs (F � 10.58; df� 4, 884; P � 0.0001)
and adults (F � 5.08; df � 4, 533; P � 0.0005); thus,
data are presented over time (Fig. 1). No signiÞcant
day by treatment interaction was observed for citrus
psylla eggs (F � 1.22; df � 4, 884; P � 0.3027). Means
averaged over sample dates for percentage of egg
reduction were highest with M-Pede (56%) followed
by Agri-50 (49%) and the high sucrose octanoate
rate (43%). The lower rate of sucrose octanoate
(3,200 ppm) was signiÞcantly different (P � 0.05)
from the untreated and the other treatments and pro-
vided 24% egg reduction. All treatments performed
similarly in reducing D. citri nymphal and adult pop-
ulations during the duration of the study (P � 0.05).
Adult numbers were signiÞcantly reduced (P � 0.05)
by all of the treatments to�50% from6d after the Þrst
treatment applications to 12 d after the second treat-
ment applications. The effect of treatments on adult
presence and oviposition was essentially lost 5 d after
the second treatment applications. However, D. citri
nymphs were reduced by 60Ð80% by all treatments
beginning 3 d after initial treatment applications, and
this effect lasted for the duration of the study.
These results indicate that sucrose octanoate or the

other insecticidal soaps can achieve reasonable con-
trol of D. citri on citrus. Furthermore, these studies
demonstrate that sucrose octanoate and insecticidal
soaps can obtain a high level of mite control. Sucrose
octanoate may be especially useful in citrus due to its
activity against another important pest, P. citrella, and
the low toxicity of thismaterial to beneÞcial predators
and parasitoids in citrus. Lack of sucrose octanoate

rate effect in the Þeld indicates complete coverage is
crucial for good efÞcacy and this is especially true
when dealing with contact poisons that lack residual.
Our data suggest that both nymphal and adult D. citri
as well as the mite complex tested would be equally
controlled to levels of �90% at the higher concentra-
tions of sucrose octanoate tested and that good cov-

Fig. 1. Field trial 3. Mean number of Asian citrus psylla
(AsCP) nymphs and adults in treated and untreated ÔSun shu
shaÕ rootstock citrus trees 1, 4, and 7 DAT1 and 1, 4, 7, 10, 14,
and 20 DAT2, St. Lucie County, Fort Pierce, FL. � denotes
spray treatment applications 1 (2 May 2003) and 2 (9 May
2003 after insect evaluations).

Table 6. Field trial 2. Mean number of D. citri and citrus mite averaged over 1 and 4 d after treatment (Trt) in treated and untreated
Tangor citrus, St. Lucie County, Ft. Pierce, FL

Treatment
Ratea

(ppm)
Egg � SEb Total nymph � SEb

(% mortality)
Adult � SEc

(% mortality)
Mites � SEb

(% mortality)

Sucrose Octanoate 8000 29.8 � 12.4a 8.7 � 2.9b (89) 4.3 � 0.7b (90) 1.1 � 0.7b (91)
M-Pede 9800 21.7 � 7.6a 26.8 � 6.9b (65) 11.4 � 1.4b (74) 1.8 � 0.9b (86)
Untreated 22.1 � 6.3a 77.6 � 22.3a 43.6 � 7.3a 12.7 � 5.1a
Trt* date F � 4.87 F � 2.45 F � 1.2 F � 0.08

df � 2, 78 df � 2, 78 df � 2, 78 df � 7, 78
P � 0.0102 P � 0.0930 P � 0.3082 P � 0.9240

Trt F � .28 F � 7.86 F � 33.46 F � 4.63
df � 2, 78 df � 2, 78 df � 2, 78 df � 2, 78
P � 0.7559 P � 0.0008 P � 0.0001 P � 0.0126

Means within columns followed by the same lowercase letter are not signiÞcantly different (P � 0.05, REGWQ).
a Rate expressed in ppm active ingredient of commercially formulated product.
b Mean number of D. citri eggs, total small and large nymphs, and mites per 3-in. fresh ßush citrus terminal counted with a dissecting

microscope.
c Mean number of D. citri adults per tree visible in a 2-min period.
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erage is key to efÞcacy. Sucrose octanoate has also
been found to be relatively nontoxic to a host of
beneÞcial insects typically found in citrus groves
(Michaud andMcKenzie, 2004) and could prove to be
a valuable addition to the list of dwindling products
available to the commercial grower.
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